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CHAPTER I 
INTRODUCTION 
Method for Adapting a Course 
In t his paper an attempt has been made to mak e sug -
gestion s for t h e enrichment of a course i n phys i cs ·with 
suggested application to the fields of physical t herap y 
and nurs ing . There i s much to be said for suggesti ons to 
the teacher of t he course in phys i cs, to which thi s paper 
is addressed and not to studen·ts. This need not i n any 
\vay interfere \vith the pursuit of a regular course bu t it 
is h oped that it \vill point out speci al applications to 
nurs i ng and phys i cal therapy. 
I n order to develop such a course-enri chment supplement 
the author has sur veyed all the pri nciples of elementary 
general physics. From these have been selected those 
whi ch were con s i dered to be important to these special 
f i elds. The application of these principles to t h e actual 
field experience has been added. A practical demonstra-
tion of each pr i nciple also has been given. 
-1-
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Library: 
Untraditi ona l Type of Thi nking 
17 
In 1941 Wise- made a study to determine wha t prin-
cip les of physical science are most important for genera l 
educa tion. The procedure involved the following four 
p roblems : (1) the development of a tentative list of 
principles of physica l science ; (2 ) the determination of 
the relative importance of principles a s measured by the 
scope of the i r applicability in the solution of frequent l y 
encountered problems ; (3) the eva lua tion of the resu l t s 
ob t ained in contributi ng studies ; and (4) a synthesi s of 
eva lua tions on the basis of the judgment of experts. 
2/ 
According t o Wise, -
"A principle is defined i n terms of four cri teria . 
A. To be a principle a sta tement must be a 
comprehensive generalization describ i ng 
some fundamenta l process, constant mode 
of behavior, or property relating to neut r a l 
phenomena . 
B. It must be true without exception within 
limita tions specifically sta ted. 
C. It must be capable of illustration 
D. I t must not be a definition. 
These cri teri a represent a consolida t i on and 
modifica tion of those employed by Robertson, Prui tt, 
and Arnold. I n formula ting these criteria the 
1/ Wi se, Harold E., A Determination of the Rela t i ve Importance 
. of Pr i ncip les of Physica l Science for General Educa tion . 
Unpublished Doctor's dissertation, University of Michigan, 
1941, pp. ix, 767. 
2/Wise, Harold E., 11A Determination of the Rela tive I m-
portance of Pr inci ples of Physica l Sci ence for Genera l 
Educa tion. 11 Sc i ence Educa tion, XXV (December, 1941) , 
371- 379 ; XXVI (January, 1942), 8-12. 
2 
investigator was assisted by two competent persons, 
both of ~vhom have had long experience in the fi eld 
of science education, and by members of a graduate 
seminar in science educat i on at the Universi ty of 
Michigan, to whom the proposed cri teria were sub-
mitted for criticism and suggesti ons . " 
These principles of physics incorporated in this 
paper do not have the traditional labels nor are they 
laws. · Organization on traditional grounds such as the 
" laws" of Archimedes, Doppler, Newton and Pascal are not 
paralleled by principles except in a few cases. These are 
in a different f orm of organization, which leads to under-
standing by r epeated applications, and thus reduces the 
number of specifics in favor of a few large relationships 
which a r e these principles . 
In establishing t hese principles l-Jise3/ exp lains, 
"An evolution of the principles of physical 
science of this basis, obviously involved, as a 
s t arting point, the establislLment of the state 
of valid criteria for recognizing such situati ons 
or applications . While it is possible that no 
perfectly defined boundaries can be established 
to ~vell serve to identify these applications un-
mistakably, some guidance has been provided which 
has been set up for defining contained material 
on the basis of the needs of children, adolescence, 
or intelligent laymen . 
I n surveying the needs of adolescence, the 
committee has found it helpful to think of the 
involvements of youth in terms of four basic 
aspects of living . 
l. Per sonal livi ng, 
2 . Immediate personal-social relationships, 
3 . Social-civic relationships, 
L:.. Economic relationships. 11 
3/ I bid., pp . 8 -12 . 
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Other than a fe\v noted exceptions, the principles in-
corporated in this paper are those of Wise. 
Validation of Principles for the Field 
A copy of these principles was sent to educa tors in 
the fields of nursing a nd of physical therapy. They were 
a sked to check each principle as to whether it was "very 
important, " "important, 11 or 11not important" to the field. 
A summary of the data thus obtained, and further sug-
gestions for the course, as well as a copy of the letter 
submitted to the critics are included in Appendix B. 
Recommenda tion of Text 
The author recommends for use a s a text in this 
course Elementary Medical Ph¥s i cs by Howard 0. Stearns, 
New York, The MacMillan Co., 1950, an analysis of which 
is included in Appendix A of this paper. 
Percentage Assignment of Time 
It is suggested that the subject matter be divided 
in terms of percent a s follows : 
Unit s and Mea suremen ts .... 3% 
Mechanics . ................ 22% 
Heat ...................... 16% 
Sound. . . . . . . . . . . . . . . . . . . . . 9% 
Light . . . .................. 20% 
Electricity and 
Magnetism ............... 20% 
X-Ray and Radiation ....... 5% 
Atomic Phenomena .......... 5% 
4 
This course-enrichment represents selection, modifi-
ca tion and supplementa tion of specific principles which 
a re presented in the recommended text. Varia tions in the 
above schedule, and in the scope of the detail of informa -
tion, could be made according to the discretion of the 
instructor. 
5 
The followi ng symbols refer to page numbers i n 
Stearns, Howard 0 ., Elementa ry Medical Physics. The 
Ma cmillan Company, New York, 1947. 
Numbers in (parenthesis) - Definiti ons 
Numbers in [br a ckets ] - Mathematica l problems 
Numbers underlined - Plates and dia grams 
Numbers des i gna ted a s by!/- Footnotes 
CHAPTER II 
UNITS AND MEASUREMENTS 
4/ 
1. A mea surement includes a number and a unit. - (1 3) , 
[p.20, Nos.l,2,3 ; p . 21, No.7 ] 
Demonstration: 
Measure two quarts, two ounces, two drops 
of a liquid to show that no one of these quan -
tities i s meaningful unless the unit is indica ted. 
Measure these in the metric system; that is, in 
liters , millil iters, and minims. Note the 
equivalents between the two systems. 
Example: 
The number six without an indication of 
units means nothing, but six minims or six drops 
indicates a definite measurement. 
2. The three fundamental units in the metric system 
5/ 
are those of length , mass, and time, - or meter, gram, and 
4/Stearns, Howard 0 ., Elementar* Medica l Physics. 
Macmillan Company , New York, 19 7, p. 13. 
2/Ibid., p . 14. 
-7-
The 
the second. The British system uses for its fundamenta l 
units the foot, the pound, which is a unit of force rather 
than a unit of mass, and the second. From these many 
other units are derived. [p.21, No.6; p.42, Nos.l,2} 19,2~ 
Velocity is the first derivative of time. Accelera-
tion is the second derivative of time. 
Time 
Velocity 
Accelera tion 
Demonstration: 
• seconds 
= units of distance/second 
= units of distance/second/second 
Measure weight and height and pulse r ate 
of students. t.Jeight and height a re expressed 
in fundamental units. Convert these from 
British pound and foot units to the metric 
kilogram and meter units. The area of the sur~ 
f a ce of the pla tform of the scales upon which 
they stand is a derived unit. 
Example: 
The pulse rate is a derived unit. This i s 
a combination of a unit and time,or number of 
beats per minute. The respiratory rate is a lso 
a derived unit; that is, a combination of the 
number of inhalations per minute. 
8 
TI!e following symbols refer to page numbers in 
Stearns, Howard 0., Elementary Medical Physics . The 
~1acmillan Company, New York, 1947 
Numbers in (parenthesis) 
Numbers in [brackets ] 
Numbers underlined 
Numbers d'eSignatea as by !./ 
. - Definitions 
- Mathemati cal problems 
- Plates and di agrams 
- Footnotes 
I 
I 
' 
I 
I 
I 
I 
Forces and Vec t ors 
CHAPTER III 
MECHANICS 
1. \fuen two f orces act upon the same objec t the re-
sultant is the diagonal of a pa r a llel ogram whose s i des 
represent the direction and magnitude of the two forces. 
A s ingle f or ce represented by the diagona l may be re -
solved into two f orces represented by the s i des of the 
paralle l ogram . (23) , [p .31, Nos.l,3,4) 
Demonstration: 
c 
---- -
I 
I 
I 
I 
I 
I 
0 
t 
61 
is the resultant ... force a and force b . -oc o :c 
c7 !Eia., p . 23 , #1 
-10 -
l•fuen carrying a load, the muscul ar force exerted is 
less if the load is ca rried close to t he body, a s sho~vn 
7/ 
in t he diagram below. -
'I 
I 
Example : 
1•fuen traction i s applied to a patient ' s 
leg in a Bal k in frame the force on t he leg i s the re -
su ltant of the forces a long the plane of the bed and per-
pendicu l a r to t he plane of the bed. 
Forces and Mat ter 
1. At any poi nt on the earth!s surface a ll bodies 
fa ll with a constant a ccelera tion wh ich is independent of 
11 
the ma ss or the s i ze of the body , i f air re s i stance be 
negl ected. (37} , [ p . 43, No. 7] 
Demons tration: 
Eva cuate a gla ss tube and show a fea ther 
and ba l l falling together. 
Example : 
A heavy solution bottle and a syringe 
dropped s i mul taneously will hi t the utility 
r oom floor simultaneously. 
2 . ~nen the resultant of a ll t he forces a c ting on 
a body is zero , the body will stay a t rest i f a t rest, or 
it will keep in unifonn motion in a straight l ine if it 
is in motion . (33) , [p .. 42, Nos.4,6] 
Demonstration: 
Artic les pla ced on a desk wil l rema in there 
at rest. A t oy ca r se t in motion a long the 
floor tends to rema in in moti on until stopped by 
fri cti on. 
Example: 
A vJell lubricated hospita l cart once it is 
set in moti on t ends to remain in motion until 
it i s stopped by friction. 
12 
3. The acceleration of a body i s proportional to 
the resultant force acting on that body and is i n t he 
direction of that force. (34,38 ) , [p. 43, No.5 ) 
Demonstration: 
A ca r is accelerated along a horizonta l 
plane by a string pulling over a pulley a s in 
the dia gram below. The accelera tion may be 
mea sured by using a second-bea ting metronome 
and marking the table with chalk to indi ca te 
8/ 
the position of the car.-
Example: 
The acceleration of an operating room t a ble 
being wheeled into the operating room is propor-
tional to the force applied t o that t able and 
~TSutto~, Ricliard ~anliffe, Ph.D., Demonstra tion E~eriments ~n Phz s~c s. M:frawH:ill :&rl< Canp:my, Inc., N;W--yo:t{afii LCI'iddl, ljS, p. 55, 1/t . 
13 
i s i n the di rection of that force . 
4 . \.-!hen one body exerts a force on a second body , 
the second body exerts an equal and opposite force on the 
first . Bodies in rotation tend t o f ly out in a straight 
line which is tangent t o the arc of rota tion. (39), 
[p.43, Nos.20 ,2l ] 38 
Demonstration: 
Use two toy ca rs connected by an elasti c 
The masses band a s shown i n diagr am below. 
9/ 
ma y be a djusted to simple r a t i os. -
S\ving a pail which is partially f i lled with water in an arc. 
Example: 
When walking down a corridor the floor of 
the corri dor exerts an equa l and opposite force 
to the force exerted by the feet. 
9/Ibid., p . 54, :ffol. 
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Work, Energy, Fricti9n, Efficiencx 
1. The work obtained from a simple machine is always 
e qua l to the work put in less the work expended in over-
coming fr i ct i on. (44), [p.59, No s .2,5] 45 
Demonstra tion: 
At t a ch a 5-lb. wood block to a heavy string 
and pull it up an i nclined plane of convenient 
length, raising it 5 feet. The tota l work done 
is 25 ft. - lb.5. in a dditi on to tha t done in 
overcoming friction. The net work obtained is 
25 ft.-lb. 
Example: 
\.Jhen picking up a foot stool the work 
obta ined will equa l the work expended less the 
work done in overcoming friction. 
2. The energy which a body possesses on a ccount of 
its positi on or form is called potential energy, and is 
mea sured by the work that was done in order to bring i t 
int o the specified condition. (47), po9, No.3 } 
Demonstra tion: 
Drive a l a rge na il into a piece of soft 
pine by means of an i mprovi sed pile driver made 
from a 1-lb. steel block fitted i nto a tube . 
15 
This will move the nail an appreciable amoun t 
10/ 
ea ch time it is al lowed to f a ll.--
Example: 
Tne potentia l energy exhibited by a solu-
t i on bottle suspended on a gravity pole is equa l 
to the amount of work done t o lift it up to that 
speci f i c condition. 
3 . The energy which a body possesses on a ccount of 
its motion is ca lled kinetic energy and is proportiona l 
to its mass and the squa re of its velocity. (47), [p .59 , 
No.3] 
Demonstration: 
Using the same demonstra tion a s for poten-
t ial energy show tha t the K. E. is equa l to the 
p . E . 
Example: 
When the solution bottle i s lowered on the 
gravity pole i ts kinetic energy i s expended and 
is equa l t o the potential energy origina l ly 
exhibited. 
10/Ibid., FP· 59 , 1/:H. 135. 
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4. Centrifugal force is directly proportional to 
the squa re of the velocity to the mass, and inversely 
proportiona l to the radius of rotation. [p.43, Nos .l8,19 ] 
Demonstration: 
Use a small labora tory centrifuge . Measure 
the r.p.m. by means of a ma rk on the rim of the 
centrifuge and a metronome. Fill the centrifuge 
tubes ha lf-full with riced pota to and show tha t 
the force packs the pota to into a ma ss at the 
bottom of the tubes. 
Example: 
The ultra -centrifuge used in the study of 
proteins uses this principle. 
5 . Sliding friction i s dependent upon the na ture and 
condition of the rubbing surfaces, proportiona l to the 
force pressing the surfa ces together, and independent of 
the a rea of contact . (48), [p.SO, Nos.3, 9 ,10 ] 
Demonstration: 
Use an inclined plane faced on one side 
with wood and on the other with metal. Metal 
and wood blocks are used to slide down the 
plane. 
To show tha t sliding friction is independent 
of the a rea of contact use a wood block in the 
17 
form of a prism whose cross secti on is an ir-
regular polygon. TI1e block will slide uni formly 
no nmtter on which face it is resting. 
Example: 
If a broad based desk i s of the same mass 
and material as a small based chart rack, they 
will slide with equal ease upon the same floor 
surface. However, if one is wood and one metal 
this will not be true. 
Simple Machines 
1. When there is a gain in the mechanical advantage 
by using a simple machine, there is a loss in speed and 
11/ 
vice versa. (52), [p.59, Nos.l,4] 5],54,58-
Demonstration: 
Set up a lever system showing the mechan-
ical advantage of such a system and the speed 
element i nvolved. 
Example: 
In the screw used to lower and raise parts 
of an operating table this principle i s util i zed. 
11/Under thi s principle could be taught the traditi onal 
FOrmula, work done by a machine 
Efficiency = work done on a machine 
or M.A. = output 
input 
18 
2 . In a lever the force times i ts distance from the 
fulcrum equa ls the weight times its distance from the 
fulcrum. (52), [p . 59 , Nos. 6 , 7] 53,54,56 
Demonstration: 
Use a meter stick suspended a t the 50 meter 
mark, and weights, va rying the weights severa l times . 
Example: 
12/ 
First, second , and third-cla ss levers .--
~-
1 
I 
• F 
First-Class Lever 
I 
-d---~ 
F . and W. are on opposite sides of fulcrum, A, and s 
may be less than, equa l to , or greater than d. 
F 
Second-Class Lever 
I 
._--S---.! l 
Til . is o n same s i de of fulcrum, A, andF and s ar e almys less thand. 
[2/Stearns, Howard 0 ., ££~ cit ., p . 52 . 
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F 
1 t-- -d---
w 
Third-Class Lever 
s is always greater than d, and the force on the 
fulcrum, A, is the reverse of what it i s for the Second-
Cla ss Lever 
T . .q b h'. r~ceps rae ~l as a 
First Cla ss Leverl3/ 
A--Axi s 
W--Weight 
R--Resistance 
F-Force 
1--Gastrocnemius 
2--Tendo-Achille s 
'W ~ 
A Foot Ex tensors a s a 
Second Class Leverl4/ 
1\ w 
Biceps brachii 
as a Third Cla ss 
Leverl~/ 
13/Lipovetz, Ferd John, Basic Kinesiolog~~extb~ok of Bod~ 
Mechani cs and Analysis of Muscula r Movements. Burgess 
Publishing Company, Minneapolis, 1952, p. 7, #2 . 
14/Ibid., p . 8, #2 . 
15/Ibid., p . 52, #2. 
20 
Liquids 
1. All liquids are compressible but only to a slight 
degree. 
Demons tration: 
A large mouthed bottle is completely filled 
with water and closed with a tight-fitting rubber 
stopper. rtJhen the stopper is struck sharply with 
a hammer or the heel of the hand the bottle will 
be shattered. 
Example: 
The principle of only slight compressibil ity 
of liqui ds makes possible p r i ·n c i p 1. e-- number 3·., 
which is involved in hydraulics. 
2. A flu id has a tendency to move from a region of 
higher pressure to one of lower pressure ; the greater the 
difference the faster the movement. As the velocity of 
flow through a constricted area increases, the pressure 
diminishes. 68,69 
Demonstration: 
Set up a tidal drainage apparatus as shown 
16/ 
below.-
16/Stearns, HOWard 0 ., op. cit. New York, 1947, p. 90, #1 
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-So lution 
.. Screw Clamp 
Drip Bulb 
Air Ven t 
J';::l~:::::::r:::z::~::;::::::JC:I====~=====:::::o . ·'To Ca the te.r _ 
Ilr.ainage_ B_o t t le 
Example : 
The Wagenstein sucti on appara tus and the 
Munroe tidal-draina ge utilize this principle. 
3. When pressure is applied to any a rea of a liquid 
in a closed container it is transmitted in exactly the 
same intensity to every area of the container in conta ct 
with the liquid. (62), [p . 70 , Ncs4,5] 
Demonstration: 
Use a large closed metal conta iner with 
several projecting tubes covered with rubber 
diaphragms. The conta iner i s filled with water, 
and no ma tter which of the diaphragms is pushed 
inward all the others expand outward equa lly. 
Example: 
This principle is used in hydraulic jack s 
to raise dentists cha irs and neurosurgery chairs. 
4 . The pressure of a fluid in the open is equa l to 
the weight of the fluid above a unit area inc luding the 
point a t which the pressure is taken: it therefore va ries 
with the depth and average density of the fluid. (60) , 
[p.70 ,Nos . l,2,3 ] 
22 
·. ·, 
: · . . 
~ ":: . 
:·.-."1. 
.· . 
Demonstration: 
In the diagr am below the pressure on the 
17/ 
bottom of ea ch vessel is 100 gnrs . -
ID~m 
I 
I 
I 
_ I __ 
Example: 
.. . _ . - . 
. .. : .. ~ ... -.; . : .· .-~: ~ . -: :·. 
. . -: ·: . . ·_ .. · . 
.... . 
-. -. -. 
. . . . . . --- .. . · _- . . : 
·:-_: ·~ --~ - ... :: :· ···~ - · ·. 
. ~ . : . ... : . .; ' 
-.- - - --. - : : -.. 
ltJ crn..:J.-
-: .-
. . ' -. 
/Ocm.;~. 
In enemata and colonic irrigations the 
liquid enters the colon because of its hydro -
sta tic pressure. Precautions are t aken so that 
the enema can is not raised too high above the 
level of the patient. At the height of 3 ft . 
the force on 100 in 2 of colon would be 
F:0 . 433x3xl00 or 130 lbs . 
5 . The free surface of a liquid contra c t s t o the 
sma llest possible area due t o surfa ce t ension . (75) , 
[p .8l, Nos. 3,4) 
17/ Ibid. , p . 6t , ffl 
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The height to which a liquid rises in a capillary 
tube is directly proportional to the surfa ce tension of 
the liquid and inversely proportional to the density of 
the liquid and to the r adius of the tube . 
Demonstration: 
Pla ce sma ll drops of wa ter on a nona bsorbing 
surface. They form smal l spheres . 
Dip a sma ll capilla ry tube in colored water . 
The water will rise in the tube above the level 
of the water in the vessel in whi ch it is 
dipped . 
Example : 
The Ha y test for jaundice utilizes the 
lower surfa ce tension of urine conta ining bile 
as a diagnostic test. Sublimed sulfur i s 
sprinkled on the urine . Norma lly it should 
fl oat , but if the urine conta ins bile it will 
18 / 
sink t o the bot t om of the conta iner .--
6 . Any homogeneous body of liquid free t o t a ke it s 
own position , will seek a position in which a l l exposed 
surfaces lie on the same horizontal plane . 
18f.I'5Id . , p . 79 . 
24 
19/ 
Demonstration :--
Example : 
In a hydro therapy tank the exposed surfa ce 
of the water lies on the same horizonta l plane 
in both arms and main secti on of the tank. 
7. A body i mmersed or floa t i ng i n a flu i d is buoyed 
up by a force equa l to the weight of the flu i d disp l a ced. 
[p. 71, Nos. l4,15) 
Demonstrati on : 
Use a can equipped t o carry off overflow , 
f i ll t o the · overflow spout wi th water , and 
bri ng i t t o equilibr ium on a ba lance. An ob-
ject supported externally by a thread is im-
mersed i n the water, and the displaced water 
19/Sutton , Richa rd Manl i ffe , Ph. D., Demonstration 
EXperiments i n Phys i cs. McGraw-Hi l l Book Company , Inc. , 
New Yo r k and London~9 38, p. 220, #2 . 
25 
i s collected i n beaker standi ng on the tab le . 
The balance equil i br i um i s maintained, showi n g 
that the weight of t h e displaced water i s equal 
to the buoyant force, whether the object floats 
or is immersed . 
Example: 
This principle is ~pplied in the use of 
hydrotherapy for patients with poliomyel i t i s 
t o a ll:o:w weightless motion of mu s c l .e .. 
Molecular. ~hysics 
1. TI1e distortion of an elastic body is directly 
proportional to the force applied provi ded the elas t ic 
l i mit i s not exceeded. 
Demonstrat i on: 
Us i ng a meter sti ck wi th a coil spring 
suspended from the zero mark, attach vari ou s 
sized wei ghts to the spri ng ·and show t ha t t he 
amount of stretch in th e spr i ng is direc t ly 
proportional to the we i ght appl i ed. 
Example: 
The stretching of a tendon i s di rectly 
propor t i onal to the amount of stress app l i ed. 
2 . The pres sure of a saturated vapor i s con s tant 
at a given temper ature, and increases with an increase 
20_/ 
in temperature . 
Demonstration: 
Make a vapor pressure fountain a s shown 
below. When warm water is added to the flask 
and the v i al of e ther immersed i n it, the 
ether vapor causes a s tream of water t o come 
out of the orifice of the g l a ss tube . 
20/Boyle ' s Law, !!The volume of a conf ined body of gas varies 
inver sely as the absolute pressure , provi ded the temperature 
remains unchanged . " Charles' Law , "If the pressure be kept 
constant and the volume allowed to increase } then the volume 
vari es a s the absolute t empera ture . 0 
Semat, Henry , Fundamentals of Ph~sics . (Revi sed Edition). 
Rinehart and Company, Inc . , New ork, 1951. 
?~ 
... / 
Example: 
Ether stored in a warm place will show 
an i ncrease in pressure, usually by bur s ting 
the cap off of the can . 
28 
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CHAPTER IV 
HEAT 
1. Heat i s conducted by the transfer of kinetic 
energy from molecule t o molecule. The average speed of 
these molecule s incr eases with the tempera ture and pres-
sure . 128 
Demonstration: 
Raise the t emperature of i ce until it 
becomes water, then continue rai s ing the 
temp erature until it becomes steam. This 
matter is changed from a sol i d to a liquid 
state, and from a l i qui d t o a gaseous s tate . 
Example: 
In a steam sterilizer the average speed 
of the molecules of water i s i ncreased a s 
the t empera ture and pressure is increased, 
thus the s t eam i s produced . 
2 . The amount of h eat developed in do ing work 
against frict i on i s propor t ional to the amount of work 
thus expende d . 10.,., , 110 
-30-
Demonstratim1.: 
Rub the hands together bri skly . By i n-
creasing the amount of work expended in this 
process, the amount of heat developed i s i n -
creased. 
Example: 
\•Jhen massaging a patient there is con-
s i derable heat developed, thus stimulating the 
circulati on in the massaged area. 
3 . Host bodies expand on heating and contract on 
cooling ; the amount of change depending on the change in 
temperature . 
Demonstration: 
Using a bath thermometer place it in 
several successively warmer solutions. Ob-
serve the expansi on of the mercury and record 
the temperature readings. Convert these 
readings from Centri grade to Fahrenheit and 
vice versa . 
Example: 
In the clinical thermometer the expansion 
of the mercury within the mercury bulb, which 
31 
forces the mercury up the fine central bore, 
give s a reading of the temperature . 
4. Every pure l i quid has i ts own speci fic boiling 
poi nt and freezing point. The presence of a dissolved 
substance will cause the resulting solution to boil at 
a higher temperature and to freeze at a lower temperature 
than pure ~..rater. 
Demonstration: 
Test the boiling points of several pure 
liquids and then add a solute to each and 
again check the boiling points . 
Example: 
In sterilizing solutions by boiling, the 
heat required for bringing the solutions t o a 
boil ing point will vary according to the sub -
stance dissolved in them. 
5 . The boil ing poi nt of any soluti on becomes lower 
as the pressure i s decreased, and higher as the pressure 
i s increased. 
Demonstration: 
Boil water v igorously in a round-bottomed 
flask to dr i ve out air. Remove the flame and 
32 
stopper the flask with a hard rubber stopper 
with a thermojunction. Then boil again and 
record the boiling point. 
Example: 
In a pressure-cooker the boiling point 
i s h i gher than in an open flask. In a steam 
steri lizer this temperature of the water and 
the steam above it is increased as the pres-
sure i s increased. 
33 
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CHAPTER V 
SOUND 
1. Sound i s produced by vibrating matter and i s 
transmi t t ed by matter . 
Example : 161 
In t he human ea r the t ympanic membrane 
transmi ts the waves of sound t o the mi ddle 
ear , which i n turn produces pressures changes 
in the fluid of the i nterna l ear . 
21/ 
Demons t rati on:--
"'\ h \ ' ~ I 
'\ 
\'- I I 
' 
I I 
\ '. I I 
\ I \ 
,I 
'· 
2 . The l oudnes s of a s ound depends upon the energy 
of the sound waves and , if propagated i n all direction s , 
decreases inversely as the square of the distance from 
its source . [p .l 0, Nos.2 , 5) 164 
Example: 
The loudnes s of a patient ' s call buzzer 
depends upon the energy of sound waves emitted 
2T7Stearns, Howard 0, 9£· cit . 
-35-
by the buzzer itself and upon the distance 
which the nurse i s from the buzzer. 
Demonstration: 
Using the demonstration apparatus shown 
above vary the distance and intensity of the 
originating sound waves. 
3 . Smooth surfaced tubes may be used to conf ine the 
direction of sound waves and thus prevent the rapid de-
crease of intensity wi th the distance from the source 
which would otherwise occur. 
Example: 
With a stethoscope the heart sounds can 
be heard at a di stance from their origin at 
which they would ordinarily be inaudible. 
Demonstration: 
Li sten to heart sounds with and wi thout 
the stethoscope. 
4. When a soundi ng body i s moving towards or away 
from an observer the apparent p i tch will be higher or 
lower respecti vely, than the true pitch of the sound 
emitted. 
36 
Example: 
When an ambulance wi th the hor n turned 
on approaches and passes one the apparent pitch 
will be higher , then l ower, than the true pitch 
of the horn. 
Demonstration: 
Using a 200 0 c yc l e tuning f ork, s trE<e 
it sharply on a hard rubber pad then swing it 
in an arc a"tvay fr om the class. 
37 
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CHAPTER VI 
LIGHT 
Pr~perties 
1. Ligh·t travels in waves along straight lines ; its 
intensity at any distance from a point source i s inversely 
proportional to the square of the distance from the source. 
Light waves travel at the speed of 186 ,000 mi/sec. 
Demonstration: 
L 
L = Light source 
D = Diaphragm 
S :: Screen 
a :: Distance between 
L and S 
b -= Distance between 
D and S 
The i llumi nated area on S will be 4x that of the 
opening in D if the distance SL is twice DL. The intensity 
-39-
at S will be the intensity at L divided by 
the distance 2 
1L 2 I (a b) or r8 =(ab)2- 2 
2. The colors of objects depend upon the light rays 
they transmit , absorb, or reflect, and the color of the 
light rays depend upon their wave length . The darker the 
color of a surface, the better it absorbs light . 
Demonstration 1: 
Use a pho t ographic light meter to measure 
the l i ght reflected from an unglazed surfaced 
blackboard, and from a white wall. \.Vhen l i ght 
passes through a triangular glass prism, as 
shown belmv, the light is resolved into its 
component parts and spreads out into a ~vhole 
spectrum of v i sible colors . 
(See demonstration figure on p . 41) 
22/Ibid., p. 2b3, 1.'=24-4 . 
glass prism light 
color spectrum 
Example: 
In a hospital , linens and walls which used 
to be entirely white are now dark colored to 
absorb rather than reflect the light. 
Demonstration 2: 
Relative extent of physical acti on of 
23/ 
various portions of the light spectrum.--
(See demonstration figure on p. 42) 
23/Kovacs, Richard, Electri c Therapy and Light The~apy 
TSixth edi tion) Lea and Fehllger, Philadelphia, 194/ , 
p . 317, -
Chemical 
Heat Luminosity Activity 
/'-....____ ~ /\ 
I ......____ / "' / \ I ......___---...... / ~ // \ 
I ~......___ ~ / \ / ......... v 
I / ---.........y /'"'-.. \ 
I / / ---...... ~ \ 
I / / ~"'-.. \ 
I / / "" \ / / '\. \ ( : " \ 
infra red red orange yellow green blue irrligo violet ultm violet 
~---------------------------------Wave length increases 
Wave length decreases.--------------------------------~ 
Reflection 
1. In the reflection of light the angle of inci-
dence, formed by the incident ray and the normal, i s equal 
t o the angle of reflection, formed by the reflected ray 
and the normal. 
Demonstration: 
In the diagram below the ray from T that 
enters the eye has traveled the path TSE so 
that the angle of inci dence i equals the angle 
24/ 
of reflection r. 
(See diagram on p. 43) 
2"4/Stearns, Howard 0 . , op. cit. , p. 147, Wl 
42 
--
___.- a' 
-
E 
2 . An i mage appears to be as far back of a plane 
mirror as the obj ect is i n front of the mirror, and i s 
reversed . The dimens i ons of the ima ge produced by a lens 
or mirror are to the dimensions of the obj ect as their 
respect i ve di stances from the lens or mirror are t o each 
other. 
25 /Ibid . 
Demonstration: 
In the di a gram for the previous demon-
s tration the eye at E sees the i mage I of the 
object 0 by reflection of light f r om the 
25/ 
mirror M.-
43 
Example: 
In order to see a complete image of oneself 
i n a mirror it is .only necessary to have t he 
mirror one half as tall as oneself. 
Refraction 
1. ~n1en l i ght rays pass obliquely from a rare to a 
more dense medi um they are bent toward the normal . ( 277) 
UQ8l ;Nos.2,3 ] ~78 
Demonstration: 
A large square battery jar filled with 
water containing a small amount of fl ourescei n 
will serve to show the light path . A sheet of 
milk glass set vertically at a small angle wi th 
the beam will make it visible both below and 
above the surface of the ~.;rater . 
Example: 
In a hydrotherapy tank a patient's ex -
tremiti es may appear to be bent at the area 
which extends below the surface of the water 
2. Parallel l i ght rays may be converged or focu sed 
by convex lenses or concave mi rrors ; di verged by concave 
lenses or convex mi rrors . When parallel light strikes 
44 
a concaved spherical mirror the rays, after reflection, 
pass directly through the princ ipal focal only if the 
area of the mirror is small compared with the radi us of 
curvature. [p.281 , Nos. l,2] 290 
Demonstration: 
Show that light rays converge by using a 
convex lens or concave mirror and focusing the 
rays of the sun onto a piece of paper unt i l 
the paper becomes scorched at the focal point. 
Example: 
Converging 
Lenses 
Myopic Eye 
Hyperopi c Eye 
26/Ibid. , p . 282, #2 . 
27/IbiO. , p. 318, #2. 
D TI JJ Divergi ng 2'"/ Lenses 
Myopic Eye 
Corrected 
Hyperopic Eye 
27/ 
Corrected 
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CHAPTER VII 
ELECTRICITY AND MAGNETISM 
Electrostatics 
1 . An electri c f i eld may be produced in t hree ways ; 
by intimate cont act between two surfaces, chemical act i on, 
and by using a ma gnet i c f i eld. (169) 
Example: 
\Vhen walking down a hall whi ch has a rug 
on t h e floor one builds up a charge on oneself. 
Thi s is by intimate contact between the rug and 
shoe soles. 
Demonstrati ons: 
1. Rub fur> s ilk or \vool on a hard rubbe r 
r od. 
2 . Set up a dry battery i n a beaker wi th 
H2so4 , one lead plate and one ant imony 
lead plate. 
3 . By u s ing a magneti c field as in di a gram 
below. 
( See diagram on p . 48) 
-47-
Battery 
Insulated 
Copper vJire 
Coil 
Galvanometer 
Sof t Iron Loop 
2 . In an uncharged body there are as many proton s 
as elec tron s and the charges neutralize each other ; W11ile 
a deficiency of electrons produces a plus charge on a 
body and an excess of electron s produces a nega tive 
charge . [p . l77,Nos . 2 , 3] 
Demonstrat i on: 
TI1e hard rubber r od charged in previous 
28/ 
demonstration may be u sed as in diagram below.--
(See diagram on p . 49) 
28 /.!!Jla:. , p . ITL: . . 
Uncharged 
Body 
Electric Currents • 
Body Charged by Inducti on 
1. The current flowing in a c i rcuit i s di rectly 
proportional t o t h e potenti al difference and inversely 
proporti onal to the resistance of the circuit. [p . 200 , 
Nos . l3,14] 
2 . All materials of fer some res i stance to the flow 
of elec t ric current, and tha t part of electrical energy 
u sed in overcoming this resistance i s transformed into 
heat energy . 
The res i stance of a metallic conductor depends on 
the kind of materi al from whi ch the conduc t or i s made, 
vari es directly with the length , inversely with the 
cross sectional area, and i ncreases as the temperature 
increases . 
4 9 
Demonstration: 
\..Jith wires of equal length connec t one 
each of copper , cupron, nichrome in seri es with 
a rheostat, ammeter and battery. To each wire 
an index card is attached with soft wax . The 
first paper to fall on account of the melting 
wax ~vill be from the wire of highest resistance 
thereby producing the greatest heat . [p.l85 , 
Nos.4,12,15 } 
Example: 
For heating units nichrome (nickel 
chromium) s ince it has a high resistance, is 
used in high temperature heating units, whereas 
cupron i s used in low temperature heating unit s 
since it has a low res i stance, and copper is 
used in non-heating units . 
3 . Electrical pov1er i s directly proportional to the 
product of the potential difference (voltage) and the 
current. [p.l84, Nos.l,2] 
Example: 
In a sterilizer whi ch i s plugged into a 
110 voltage socket, there i s a certain current 
so 
passed through the unit, (dependent upon the 
re s i stance of the unit) and the product of 
the voltage and the curr ent equals the amount 
of power. P = VI. 
Example: 
A step-up transformer is used t o provi de 
f or the voltage needed in x-ray equipment. 
An i nductori um i s used to stimulate 
29/ 
muscle t i ssue .--
2 . The mass of any substance set free by elec trolys i s 
i s proportional to the current flowing and the time of 
flow; if the quantity of electricity is kept constant , 
the mass of various subs tances set free is proport i onal 
to the i r electro-chemical equivalent . ( 18 6 ) ' [ p . 19 9 ' 
Nos . l,2,3,4] 
Demonstration: 
Set up an electrolytic cell using AgN03 
and a copper penny . If the penny i s weighed befor~ and 
again after being exposed to the electrolytic cell the 
ga in i n weight wi ll be proportional to the electro-
30/ 
chemical equi valent .--
29/Kovacs, Richard , 9~ · cit . 
30/Dees, Bowen 0 . , Fundamentals of Physics . Barnes and 
Noble, Ind . , New York, 19 Z~.':>, p . -zD"8. 
Boston University 
School of Education . 
Library 
51 
Example: 
The instruments used i n surgery are 
sometimesplated by thi s procedure . 
Elec tromagnetic s and Electrochemical Effect 
1. An induced current always has such a di recti on 
that its magnetic field tends to oppose the force by 
which the current was produced . 
31/ 
Demonstration: [p . 212, No.1]--
As shown in the diagram below an indue-
t orium i s used to s timulate a muscle i n 
laboratory experiments. 
Kymograph 
Speed Control 
Muscle 
\vinding 
Key 
Clamp 
Battery 
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CHAPTER VIII 
X-RAY AND RADIATION 
1 . In a tube wh i ch contains gas at low pressure 
subjec t t o an i ntense electric field, cathode rays, 
streams of elec trons, move away fr om the negatively 
charged t ermi nal at high speed . ~~1en a stream of high 
speed electron s s trikes a body, the atoms of the body 
32/ 
emi t x -rays. 251--
Demonstr ation: 
Set a film in a f i lm holder on top of a 
r adi um capsule, enclosed in a lead container, 
f or several hours . · The film records the 
radiation . 
Example : 
In x-ray tubes this principle i s util-
i zed. (231) These are used t o make a pic t orial 
record f or di agnosis, and also for the des truc-
tion of malignant cells . Gamma radi a tion i s 
used for s terilizing bone grafts in some 
hospitals. 
32/Albert , Arthur Samuel, Fundamental Electronics and 
vacuum Tubes . The Macmi llan Company, New York, 1938,p . 29S. 
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Radioacti ve i sotopes are used to s tudy 
the formation of blood, tissues and secre -
tions, and t o investigate the acti on of 
drugs, hormones, and vitamins. There are 
28 radioactive. i sotopes. These include 
hydrogen , carbon, phosphorus, sulfur, chlorine, 
calcium , arseni c, i odine, s ilver , and gold . 
Of the 500 total compounds, the compounds in 
most general demand contain Calci um 14. 
Radi oacti ve su lfur iso tope 35 i s used t o 
study certain activities of the brain. Radio -
act i ve i odi ne i s u sed t o di a gnose thyro i d ail-
ments . Radioactive phosphorus i s used in 
trac i ng producti on of diges tive jui~es and 
bile compounds. Radi oactive potassium i s 
used to measure particles released from heart 
muscle under normal conditions and under stress . 
At wave lengths beyond the u ltravi ol et , 
that i s, shorter than the ultraviolet, are 
f ound the "x-rays11 and ganuna .rays . At wave 
lengths be yond t h e infrared , that i s, longer 
than the infrared rays, a re f ound the wave 
lengths u sed fo r diathermy . Diathermy and 
infrare d apparatus ar.e. preferably observed i n 
i n u se in the clinical field where they a re 
55 
used for heat treatments. The wave length s 
of all the above, plus the color spectrum, 
and the longer waves used i n radio and 
electri cal p ower tr'ansmission compose the 
electromagnetic spectrum as shown i n the 
schemat i c diagram below. 
Chemical Activity 
gamma · 
lx-rays 
r 
rays I 
I 
I ultra 
I 
f 
! violet 
I 
olor 1 
is-
ble 
r 
Lolor i ~ ' 
I I r 
Heat 
Infrared . Dia-
thermy 
Radi o 
and 
Power 
Trans- 1 
mission 
~----------------Have length decreases 
hTave length increases----------------~ 
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CHAPTER IX 
ATOMIC PHENOMENA 
1. 2"5 ~nen 92u ~ , one of the isotopes of uranium, i s 
bombarded with slow neutrons , the atom splits into two 
nearly equal parts, with the emi ss i on of an enormous 
33/ 
amount of energy.--
Demonstration: 
Make a model of an atom as shown below. 34/ 
2 protons 
2 neutrons 
2 electrons 
1 Helium atom PLUS energy 
33/Stearns, Howard 0 . , op . cit., p. 256 . 
~ 
I 
I 
I 
,Y/ 
-/ .......... 
Energy 
34/Atomic Energy How ? Consolidated Edison Company 
New York, p. 6 . 
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Example: 
The principle of atomi c fission is now be -
ing utili zed in the field of medicine. 
Radioactive atoms are used in two ways : 
(1) as tracers in diagnosing, or in research, 
and (2) as powerful treatment doses of internal 
radiation. Radioacti ve cobalt is used in diag-
nosing and treatment of cancer of the urinary 
bladder. Radioactive i odine has helped in dif-
ferentiating two types of congenital dwarfism . 
Radioactive phosphorous and hydrogen are u sed to 
s tudy t he cause of arterioscelerosis by indicating 
how a giant cholesterol mol ecule is deposited in 
the wall of the blood vessels. Radioactive gold 
is used in the treatment of some tumors . Radi o-
active sodium has been used to s tudy the cause of 
heart failures and t o study the blood circulation 
in the legs of bedridden patients. Radioactive 
zinc i n insulin can be used to trace the complete 
course of the drug within the body. 
59 
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CHAPTER ~ 
PRESENTATION OF THE FINDINGS 
The data received from the seven teachers in the 
fields of Nursing and Physical Therapy is summarized below . 
The additional notes and comments are included . These will 
be di scussed in Chapter XI . 
UNITS AND MEASUREMENTS 
1 . A measurement includes a number and a 
unit . 
2 . The three fundamental units in the metric 
system are those of length, mass , and 
time . From these many other units are 
derived . 
MECHANICS 
Forces and Vectors 
1 . ~1ben two f orces act upon the same object 
the resultant i s the dia gona l of a par-
allelogram whose sides r epresent the 
direction and magnitude of the two forces. 
A single f orce represented by the diag-
onal may be resolved into two f orces rep-
resented by the sides of the parallelo-
gram. 
Forces and Matter 
1. At any point on the earth's surface all 
bodies fall with a constant accelera-
tion which is independent of the mass or 
the size of the body , if air resistance 
be neglected . 
Ji 
V. I. I . N.:L 
5 2 
6 1 
4 1 2 
4 2 1 
35/Thi s should be read as: 
N. l . =not important . 
V. I. =very important, I . =:irnp:rt:ant, 
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2 . ~.Jhen the resultant of all the forces 
acting on a body i s zero, the body 
will stay at rest i f at rest, or it 
\vill keep in uniform motion in a 
straight line i f it is in motion. 
3. The accelerat i on of a body is pro-
porti onal to the resultant force act-
ing on t hat body and is in the di-
rection of that force. 
4. When one body exerts a force on a 
second body, the second body exerts 
an equal and opposite force on the 
first. Bodies in rotation tend to 
fly out in a straight line whi ch is 
tangent to the arc of rotation. 
Work , Energy, Friction, Efficiency 
1 . The \vork obtained from a s i mple machine 
is always equal to the work put in 
less the work expended in overcoming 
friction . 
2. The energy which a body possesses on 
of its posit i on or form is called 
potential energy, and is measured by 
the work that was done in order to 
bring it i nto the specified condi-
tion. 
3. The energy which a body posses on 
account of its motion is called 
k inetic energy and is proportional 
to i ts mass and the square of its 
velocity . 
4. Centr i fugal force is directly pro-
porti onal to the square of the 
velocity , to the mass, and i nversely 
proportional to the radius of rota-
tion. 
IV. I) 
I s ~ 
I I 
• I 
I I 
13 1 3 
I I 3 
I 
f 
! 
I 3 
I 
I s 
I 
I 
14 
I 
t 
I 
3 
3 
3 
2 
3 
3 
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1 
1 
1 
~. Slidi ng frict i on is dependent upon 
t he nature and condi t i on of t h e rub-
bing surfaces, proporti onal to the 
f orce p r essing the surfaces together, 
and i ndepen dent of the area of con-
tact . 
Si mp le Machi nes 
1 . \.fuen there is a gain in the me chan-
i cal advant age by using a simple 
machi ne, there is a loss i n speed, 
and vice versa . 
2 . In a lever the force time s i ts di s-
t ance £rom the fulcrum equals the 
~e ight t i mes its distance from the 
fulcrum . 
Li quids 
1 . All liqui ds are compressible but 
only t o a slight degree. 
2 . A flu i d has a tendency to move from 
a region of higher pressure t o one 
of lower pressure ; the greater the 
di f f erence t h e £aster the movement . 
As the veloci ty of flow through a 
constricted area increases, the 
pressure dimini shes. 
3 . ~1en pressure i s applied to any 
area of a l i quid i n a closed con-
ta i ner it i s transmitted i n ex-
actly the same intensity t o every 
a rea of the container in contac t 
wi th the l iqu i d . 
4. The pressur e of a fluid in the open 
i s equal to the weight of the fluid 
above a uni t area includi n g t he 
poi nt a t whi ch the pres sure is 
taken ~ it therefore var i es wi th the 
dep th -and aver age density of the 
fluid. 
,V. I I I. ' N.I. I 
) 2 ! 
5 1 1 
6 1 
2 4 1 
I s 2 
3 4 
2 2 3 
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5. The free surface of a liquid contr.ac_t'S 
to the smallest possible area due to 
surface tension. 
The height t o which a liquid rises in 
a capillary tube i s directly propor-
tional to the surface tension of ·the 
liquid, and inversely proporti ona l to 
the density of the liquid and to the 
radius of the tube . 
S. Any homogeneous body of l i quid free to 
take its own position, will seek a po-
sition in which all exposed surfaces 
lie on the same horizontal plane. 
7 . A body in~ersed or floating in a fluid 
i s buoyed up by a force equal to the 
wei ght of the fluid displaced . 
Molecular Phys i cs 
1 . The distortion of an elastic body is 
directly proportional to the force 
applied provided the elastic limit 
i s no t exceeded . 
2 . The pressure of a saturated vapor is 
cons t ant at a given temperature, and 
increases with an increase in temper-
ature. 
HEAT 
1 . Heat i s conducted by the transfer of 
kinetic energy from molecule t o 
molecule. The average speed of these 
molecules increases with the tempera-
ture and pressure. 
2. The amount of heat developed in doing 
work agains t friction i s proportional 
to the amount of work thus expended. 
3 . Most bodies expand on heating and 
contract on cool i ng ; the amount of 
change dependi ng on ·the change i n 
·temperature. 
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IV . r. , r. 1N. I 
' Every pure l i qui d ha s its own spec i f i c t+ I 2 1 4- . boi l ing p oi nt and freez i ng po::.n t . The I 
pre sence of a di s s olve d sub s tanc e wi l l 
cause the r e su l ting solu tion t o bo i l 
at a h :L gher t emp eratu r e and t o f r e eze 
at a l ower t emperature than pure water. 
5 . The boi l 5_ng oi nt of any so lut·' on be - 3 2 ? 
. 
come s l ower a s the pres sur e i s de -
crea sed , and h ighe r as the pressure 
i s .! n cr ease d 
SOUND 
1. Sound i s produced by vibrating matte r 3 L:. 
and i s tran smi tte d by wave s . 
2 . The loudnes s of a sou nd depends upon 2 5 
the energy of the sound ~vaves and , i f 
pr opa gated i n all direc tion s, decre a ses 
inver se ly a s the square of the di s tance 
from its source. I ~ Smoo th surfaced tubes may be u sed t o 3 2 2 __, . 
conf :L. ne the di rec t i on of s ound wave s 
and thus revent the rap i d decr ea se of 
inten s i ty w~ th the di s tance from the 
source wh i ch would othe rwi se occur . 
4 . "':.\T1.1en a sounding body i s mov ing t owards 3 3 1 
or away from an obser ver the apparent 
oi'i.:ch wi ll be h i ghe r or l ower r espec -
t: ·· vely , i.:han the true pitch of the 
s ound emi tte d . 
LIGHT 
' l. An image appears t o be as f ar back of 1 14 2 
a p lane mi rror a s the obj ec t i s i n 
front of the mirror , and is reversed . 
The di men s i on s of the i mage produced 
by a l en s or mi rror are t o t he dimen -
s i on s of the obj ec t a s the i r r espec -
t ive dis t ances from the len s or mi rror 
are t o each other . 
2. Parallel l ight rays may be converged 
or focused by convex lenses or con-
cave mirrors ; diverged by concave 
lenses or convex mi rrors. When 
parallel light strikes a concaved 
spherical mirror the r-ays , after re-
flection, pass directly through the 
principal f ocus only i f the area of 
the mirror i ssmall compared with the 
r adius of curvature . 
3 . The color of objects depend upon the 
light rays they transmit, ab sorb, or 
reflect, and the color of t he light 
rays depend upon their wave length . 
The darker the color of a surface , the 
better it absorbs light. 
4. Light travels i n waves along straight 
lines; it s intensity at any di stance 
from a point source is inversely pro-
porti onal to the square of the dis-
t ance from the source . 
5 . T. Jhen light rays pass obl i quely from 
a rare to a more dense medium they 
are bent away from the normal. 
ELECTRICITY AND MAGNETISM 
Elec trostati cs 
1. An electri c field may be produced i n 
three ways; by intimate contact, 
chemi cal action, and by using a mag-
netic field . 
2. In an unchanged body there are as 
many protons as elec tron s, and the 
changes neutralize each other ; whi le 
a def i c i ency of electrons produces a 
plus charge on a body and an excess 
of electrons produces a negative 
charge. 
IV. I. ~ I. IN. I 
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Electromagnetics and Electrochemical Effect 
1 . An induced curren t ahvays has such a 
direction that its magneti c field t ends 
to oppose the force by which the cur-
rent was produced. 
2 . The mass of any substance s t free by 
electrolysis is proportional ·t o the cur-
rent flowing and the time of flow; if 
the quantity of electri c ity is kept 
constant , the mass of var i ous sub stances 
se t free i s proporti onal to their electro-
chemical equivalent. 
Elec tric Currents 
1 . Ohm' s Law. The current flowing i n a 
circui t i s directly proporti onal to the 
potential difference and inversely pro-
portional t o the resistance of the 
c ircuit . 
2 . All mater i als offer some res i stance to 
flow of electric current, and that part 
of electrical energy used in over coming 
thi s resistance i s transformed into 
heat energy . 
3 . Electri cal power i s directly proportional 
to the product of the potential differ-
ence (voltage) and the current . 
1. 
X- RAY AND R~DIATION 
In a tube whi ch conta i ns gas at low pres-
sure subj ect to an intense electric fi eld, 
cathode rays , steams of electrons, move 
away from the negatively charge d terminal 
at high speed. When a stream of high 
speed electrons strikes a body, the atoms 
of the body emit x-rays . 
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1. 
ATOMIC PHENOMENA 
.n... u235 f h · -'= • ~ 3 , 2 ' 2 1vuenqz one o t e l sotopes o~ uranlum , 
i s bombarded with slow neutrons, the atom 
splits i nto t wo nearly equal parts, with 
the emi ss i on of an enormous amount of 
energy, some 200 Mev . 
Additional Comments 
1 . "It seems t o me that you have picked out all very 
important concepts . " 
2 . "As I checked these princ iples, I tried to apply them 
t o Nurs i ng and to every day l i fe . I feel that the 
principles as stated may be difficult for many stu-
dents to learn. It seems they would have to be ap-
pli ed in a practi cal laboratory. n 
3 . " It would have been helpful t o know a l ittle mor e 
about the proposed course. " 
L~. Thi s correspondent gave an application f or each 
concept that she cons i dered i mportant or very 
important . 
5 . " Transformation of energy, Laws of Thermodynamic s , 
di ffusion of gases, l i quids, solut es, osmot i c 
pressur e , partial pressur e of gases. !! 
"No con cept on Mechanical advanta ge per se ; i . e. --
M A _·' nput 
· ·= output 
Mechanics #4 -- 2nd statement involves the Princ iple 
of Inertia -- 1st does not . " 
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7. ni feel that the area on Mechanics (forces and 
vectors ; forces and mat ter ; work, power, etc; s i mple 
machines ; and heat) is of part i cular importance to 
those who are majoring in Phys i cal Therapy . The 
concepts on liquids, I' m not sure about . All of the 
concepts on Sound and Electr i city are also of gr ea t 
i mportance. These I have selected because I can 
readi ly see their appl i cation in two of the courses 
I teach -- Therapeutics and Exercise and Kines i ology, 
and Electrotherapy . " 
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CHAPTER XI 
SUHHARY , CONCLUSIONS, AND R.ECOt-1MEr DATI ONS 
CRA.PTER XI 
SUMMARY , CONCLUSIONS , AND RECOMMENDATIONS 
Most of the princi ples selected for this proposed 
course - enrichment supplement were cons i dered either 11very 
i mportant , 11 or "important" by cri tics to whom they were 
submi tted. Under the principles of Liquids , h m.-vever , the 
f ollowi ng three were considered by ·tv.7o or three criti cs 
as nnot i mportant.n 
1. The pressure of a flu i d i n the open i s equal t o 
the we i ght of the flu i d above a uni t area i nclud·· 
i ng the point at \-vh i ch the pressure is t aken : 
it therefore ve.r i es ~v:i. th the depth and average 
density of the fluid. 
2. The fre e surface of a liqu.:ld con tacts t o the 
smallest possible area due t o surface tensi on . 
The height to whi ch a l i quid rises in a 
capi _llary tube i s directly proporti onal t o the 
surfa ce tens i on of the liquid, and inversely 
proporti onal to the density of the l i qui d and 
t o the radi us of the tube. 
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3 . Any homogeneous body of liquid fr ee to tak e 
its own pos i tion, wi ll seek a position in 
which all exposed surfaces lie on the same 
horizontal plane . 
Since these same principles were con s i dered a s ~ •very 
important11 by the same number of critics they \vi ll be 
included. 
The followi ng princ i ples of Light were considered 
as 11 no t i mportant" by two cri t i cs : 
1 . An i mage appear s t o be as far back of a p lane 
mirror as the obj ect i s in front of t he mirror , 
and i s rever sed. The di mensions of the i mage 
produced by a lens or mi rror are to the dimen-
sions of .the object as their r especti ve dis-
tances from the len s or mirror are t o each 
other . 
2 . Light travel s in waves along straight l i nes ; 
i ts i ntens i ty at any di s tance from a point 
source i s inversely proportional t o the square 
of the distance from the source. 
Both of the se princ i ples were indica t e d as be ing 
11 important" by several critics so they are also inc luded. 
' - ray and Radiation, and At omic Phenomena seem t o 
be que s t i onable, but since three cri tics check ed each as 
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11very important" it \vi l l be left to the di scr e tion of 
the individual teache r a s t o whethe r they a r e included or 
n ot . 
One critic sugge s ted tha t the f ollowing be inc luded: 
transformation of ene rgy, Laws of Thermodynamic s, l i quids, 
s olutes, osmatic pressure. Transformation of energy can 
be taught under the f ollowing princ iples: 
1 . All material s off er s ome re s i s tance t o flmv of 
elec tri c current, and tha t part of elec trical 
energy u sed in over coming thi s resistance is 
trans f ormed into hea t energy . 
2 . The amoun t of hea t develop e d i n doing w·or k 
agai n s t fri c tion i s proportiona l t o the amount 
of \•70rk thus expende d . 
The Laws o f Tnermodynamic s can be include d in the 
f ol l owi ng pr inc iple: 
1. The amount of heat deve l ope d i n do i ng wor 
aga i n s t fri c tion i s proporti onal t o the amount 
of wor k thu s expende d . 
The gas laws can be included unde r the f ollow-· ng 
p r 'nc iple, as indi cate d in f oo tno te number 19 . 
l . The pres sure of a s atura ted vapor i s con s tant 
a t a given tempera·ture , and incr ea ses \.vi t h an 
increase i n temperature . 
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Solutes are considered under the following prin-
ciple: 
1. Every pure liquid has its mvn. specific boiling 
point and freezing point. The presence of a 
dissolved substance "t·lill cause the resulting 
solution to boil at a higher temperature and 
t o freeze at a lower temperature than pure 
-v~-ater. 
As previously indicated the scope of the detail 
of the information could be varied according to the 
discretion of the instructor. 
Recormnendations 
After this course-enrichment supplement has been 
used in the teaching of students of nursing and physical 
therapy a ne"tv evaluation from both the teacher and stu-
dents v1ould f01.J:n a basis for further modification, 
selecti on, and supplementation. After these modi fica-
tions, selections, and supplementations have been 
effected, then a new compilation of principles could 
be submitted to cri tics in the fields. Repeated s ·tudies 
of this type could be undertaken. The results from 
many similar studies can be combined into a "Master" 
ou tl ine of subj ect -matter t opics f or u se in the teaching 
of physics to students of nursing and physical t herapy . 
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APPENDIX A 
ANALYSIS OF TEXTBOOK RECOMMENDED 
Stearns, Howard 0. Elementary Medical Physics 
The Macmillan Co. , New York, 1947, p . 35lL 
This book is designed for a two semester course for 
students of college level who have or have not had a pre-
vious course in physics, but who have had a certain amount 
of high school algebra. In the introduction there is a 
review of mathematical terminology and in the first chapter, 
which i ncludes nine pages, there is well-organized materi al 
on uni t and measurement . 
The text is divided into six maj or parts under t h e 
following headings: 
1. Mechanics 
2 . Heat 
3. Wave motion and sound 
4 . Electricity and magnetism 
5 . X-rays and atomi c phenomena 
6 . Light 
These major topics are subdivided into logical se -
quence of development. At the end of each chapter there 
are from 10 to 20 study questions and about the same 
number of problems . There are many good diagrams and 
photographic plates throughout the book . 
-78-
Considerable space is given to the origin and de-
velopment of formulae which could probably have been 
omitted, and could be omitted easily at the discretion 
of the instructor without destroying the logical sequence 
of t h e text. 
The appendix includes a list of useful formulae, two 
pages of English Metric equivalents, a translation of 
the Greek letters which are used as symbols, a table of 
trignometric functions, and a double table of four-figure 
logarithms. There is a two page bibliography at the end 
of the tex t, but no bibliographical references included 
in the individual chapters. 
The type i s suffi ciently large and the leading 
adequate to be easily read. It is printed on strong , 
unglazed paper, well bound in an attractive medium blue 
cover. 
The author, Mr. Stearns, is a professor of physics 
at Simmons College, Boston, Massachusetts. 
79 
APPENDIX B 
COPY OF LETTER SUBMITTED TO THE CRITICS 
Dear 
Miss Mary c. Conklin 
Old Randolph· Street · . 
Canton, Massachusetts 
In partial fulfillment of my Masters Degree 
Program, at Boston Universi.ty. School of Education, 
I am setting up a course in Physic.s for students 
of Nursing, Physical· Therapy, and.Physical Education . 
. Enclosed is a list of the principles which I 
have selectedfor·this course-enrichment supplement. 
I would appreciate it very much if you would check 
them off as very important, important, or not im-
portant in .column provided and return them to me in 
the enclosed self-addressed envelope. 
MCC/hcm. 
Enc. 
Very truly yours, 
Mary C. Conklin· 
\ 
UNITS AND MEASUREMENTS 
1 . A measurement includes a number and a unit . 
2 . Three fundamental units in the metri c system 
are those of length , mass, and time, From 
these many other units are der ived. 
HECHANICS 
Forces and Vectors 
1. \..Jhen two forces act upon the same object the 
re sultant i s the diagonal of a parallelogram 
whose s i des represent the direc t i on and mag-
nitude of the two forces. A s ingle force 
represented by the diagona l may be resolved 
i nto two forces represented by the s i des of 
the parallelogram. 
2. When the resultant of all the forces acting 
on a body is zero, the body will stay at 
rest if at rest , or it will keep in uniform 
motion in a straight l ine if it is in motion. 
3 . The acceleration of a body i s proportional 
to the resultant force acting on that body 
and i s in the direction of that force. 
4. When one body exerts a force on a second 
body, the second body exerts an equal and 
opposite f orce on the first. Bodies in 
rotation tend to fly out in a straight line 
which i s tangent to the arc of r otation . 
T:Jork , Pu~ver, Friction, Efficiency 
1. The work obtained from a simple machine i s 
always equal to the work put in less the 
work expended in overcoming friction. 
2. The energy which a body possesses on ac-
count of its position or form i s called 
potential energy, and is measured by the 
wor that \vas done in order t o bring it 
i nto the speci fied condition . 
nSee footnote #34. 
I V.I. , I. IN.I. 
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3. The energy which a body possesses on ac-
count of its motion i s called kinetic 
energy and i s proportional to i ts mass and 
the square of its velocity. 
4 . Centrifugal force is dire c t ly proportional 
t o the square of the veloc i ty, to the mass, 
and i nversely proportional t o the radius 
of r otati on. 
5 . Sliding friction i s dependent upon the 
nature and condition of the rubbing sur-
faces, proportional to the force pressing 
the surfaces together , and independent of 
the area of contact. 
Simple Machines 
1. When there is a gain in the mechanical ad-
vantage by us i ng a simple machine, there 
i s a loss in speed, and vice versa. 
2. In a lever the force times i ts distance 
from the fulcrum equals the weight times 
it s distance from the fulcrum. 
Hea t 
1. Heat i s conducted by the transfer of 
kineti c energy from molecule to molecule . 
The average speed of these molecules in -
creases ;;vith the temperature and pressure . 
2 . The amount of heat developed in do i ng work 
against friction is proportional to the 
amount of work thus expende d. 
3. Host bodie s expand on heating and contract 
on cooling ; the amoung of change depending 
on the change in temperature. 
L~ . Every pure liquid has its own speci f i c 
boil i ng point and freez i n g point. The 
presence of a dissolved substance wi ll 
cause the resulting soluti on to bo il at 
a higher temperature and to freeze at a 
lower temperature than pure \vater. 
~( 
See footnote #34. 
IV. I 
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5. The boiling point of any solution be-
comes lower as the pressure is de-
creased, and higher as the pressure i s 
increased. 
Liquids 
1 . All l i quids are compressible but only 
t o a sl ight degree. 
3 -. A fluid has a tendency to move from a 
region of higher pressure t o one of lower 
pressure ; the greater the di fference the 
faster the movement. As the velocity of 
flow through a constricted area increases, 
the pressure diminishes. 
3. \.;Then pressure i s app l i ed to any area of 
a liquid in a closed container it i s 
transmitted in exactly the same intensity 
to every area of the container in contact 
with the liquid. 
4 . The pressure of a flu i d in the open i s 
equal to the we i ght of t h e fluid above 
a unit area including the point at which 
the pressure i s taken: it therefore 
varies with the depth and average density 
of the fluid. 
5 . The free surface of liquid contacts to 
the smallest possible area due to sur-
face tens i on. The height to which a 
liquid rises in a capillary tube i s 
direc t ly proportional to the surface 
tens i on of the liquid and inversely pro-
portional to the dens ity of the liquid 
and to the radius of the t ube. 
6. Any homogeneous body of liquid free to 
take its own position, 1.-1ill seek a pos i -
tion in which all exposed surfaces l i e 
on the same horizontal p lane . 
ftSee f ootnote #34. 
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7. · A body immersed or floating in a fluid 
is:buoyed up by a force equal to the 
weight ·of_the fluid displaced. 
Molecular Physics 
1. The disto.rtion of an 'elastic body is di-
rectly proportional to the force applied 
provided-the elastic limit is not ex-
ceeded. 
2. The pressure of a saturated vapor is 
constant at a given temperature, and 
increas·es with an increase in tempera-
ture. · 
SOUND 
1. Sound is produced by vibrating matter 
and is transmitted by water. 
2. The loudness of a sound depends upon the 
energy of the sound waves and, if pro-
pagated irt all directions, decreases in-
versely as the square of the distance 
from its source .. 
3. Smooth surfaced tubes .may be used to 
confine the direction of sound waves and 
thus prevent the rapid decrease of in.,-, 
tensity with the distance from the source 
. which would otherwise occur. 
l 
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4. When a sounding body ismoving towards or 
away from an observer the apparent pitch . 
will be higher or lower respectively, .than ~- · 
· the true pitch of the sound emitted. · 
1. 
·LIGHT 
An image appears to be as far. back of a 
plane mirror as the object is in front of 
the mirror, and is reversed. The dimen-
.. sions of the image produced by a · lense or 
mirror are to the dimensions of ·the object 
as their respective distances from the 
lense or mirror are to each other. 
*See footnote #34. 
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2. Parallel light rays may be converged or 
focused by convex lenses or concave mir-
·rors; diverged by concave lenses or con-
vex mirrors. When parallel light strikes 
a concaved spherical mirror the rays, 
after refl~ction, pass directly through 
the principal focus only if the area of 
the mirror is small compared with the 
radius of curvature. 
3. The color of objects depend upon the 
light rays they transmit, absorb, or 
reflect, and the color of the light 
rays depend upon their wave length. The 
darker the color of a surface, the bet-
ter it: absorbs light.· 
4. Light travels in waves along straight 
lines;.its intensity at any distance 
from a point source is inversely pro-· 
portional to the square of ·the distance 
from the source. 
5. When light rays pass obliquely from a 
rare to a more dense medium they are 
bent away from the normal. 
ELECTRICITY AND MAGNETI:SJM 
Electrostatics 
l. An electric field may be produced in 
three ways; by intimate contact, chem-
ical action, and by using a magnetic 
field. 
2. In an uncharged body there are as many 
protons as electrons, and the charges 
neutralize each other; while a defi-
ciency of electrons produces a plus 
charge on a body and an excess of 
electrons produces a negative charge. 
,r See footnote #34 
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Electromagnetics and Electrochemical Effect 
1. An induced current always has such a 
direction-that its magnetic field tends 
to oppose the force by which the. current 
2. 
·was produced. 
The mass of any sul:>stance act free by 
electrolysis is proportional to the cur-
rent flowing and the time of.flow; if 
the quantity of electricity is kept con-
stant, the 111ass of various· substances set 
free is proportional to their electro-
. chemical equivalent. 
Electric Currents 
1. 
2. 
3. 
1. 
1. 
Ohm's law The current flowing in a circuit 
is directly proportional to the potential 
difference and inversely proportional to 
the resistance o.f the circuit. · 
All materials offer some resistance to 
flow of electric current, and that part 
of electrical energy used in overcoming 
this resistance is transformed into hec;tt 
energy. 
Electrical pow~r is directly proportional 
to the product .of the potential differ-
ence (voltage) and the current. 
. X-RAY AND RADIA'riON 
In a tube which contains gas at low pres-
sure subject to an intense electric field, 
cathose rays, streams of electrons, move 
away from the negatively charged terminal 
at high speed. ~fuen a stream of high 
speed electrons .strikes a body, the atoms 
of the body emit x~rays. 
ATOMIC PHENOMENA· 
Wh U235 f h . .· f . . en92 · one. o t e Tsotopes o uran1.um, 1.s bombarded w1.th slow neutrons, the atom 
splits into two nearly equal parts, with 
the emission of an enormous amount of 
energy,. some 200 Mev. 
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The space below is for further comments. 
*See footnote #34· 
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